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ABSTRACT 
Rapid Bridge Deck Replacement 
By 
David L. Salzer 
University of New Hampshire, December 2008 
As the interstate system deteriorates, traffic volumes increase and construction related 
traffic delays are at an all time high, there arises a need to greatly expedite highway, road 
and bridge construction projects. Bridge deck replacements account for a large 
percentage highway construction that can create thousands of hours of traffic delays due 
to full and partial closures. 
A deck replacement systems was designed and tested utilizes full depth (8.5") concrete 
panels post tensioned longitudinally with high strength steel bar. The transverse panel 
joint is a tongue and groove, sealed with a 6 hour pot life thyxotropic epoxy. The method 
was designed to allow for full traffic flow over a bridge during the day and in the evening 
partially close to allow for sectional replacement of the existing deck. The research was a 




Precast concrete panels are used in a multitude of ways including buildings, roadbeds and 
bridge decks (PCI 1999). In bridge decks, precast panels are used because they have 
increased durability, lower creep deformation and facilitate rapid construction (PCI 
1999). Precast panels are generally prestressed in one direction (perpendicular to the 
direction of traffic) and post tensioned in the other direction (parallel to the direction of 
traffic) using high strength steel tendons. Precast panels require a means of transferring 
shear as vehicles move from across the bridge from one panel to the next. A system of 
discrete precast panels must be designed to behave monolithically, or as though it was 
cast as a single piece of concrete. 
1.1 Shear Transfer between Precast Concrete Deck Panels 
Because deck panels are fabricated and placed individually, there is a need for a pre-
engineered connection to resist shear forces as vehicles move from one panel to the next 
(Issa, et al. 1995). In cast in place (CIP) bridge decks, the nature of the monolithic slab 
requires no need for shear transfer because the deck is a single piece of concrete. In 
1 
Precast concrete deck panels there are multiple methods commonly used for shear 
transfer between panels including: shear keys (female to female) and overlapping 
reinforced joints. 
1.1.1 Shear Key 
A shear key is a female to female connection that requires closure grout placement after 
the panels are installed. Shear keys provide resistance to moving traffic loads (Issa, et al. 
1995). A typical shear key is shown in figure 1.1.1.1. 
Figure 1.1.1.1, Typical female to female shear key 
1.1.2. Overlapping Reinforcement Joints 
Overlapping reinforcement joints transfer shear between panels, but like shear keys this 
system requires a closure concrete placement to function properly. A typical overlapping 
reinforcement joint is shown in figure 1.1.2.1. Reinforcement protruding from each panel 
is connected to adjacent panels with longitudinal reinforcement. 
2 
Figure 1.1.2.1, Typical overlapped, reinforced precast panel joint 
1.2 Post Tensioning of Precast Concrete Bridge Deck Panels 
The American Association of State Highway and Transportation Officials (AASHTO) 
requires the use of post tensioning to induce a compressive force between precast panels 
for shear transfer, deck rigidity and to minimize deflections. Typically high strength steel 
tendons are used to post tension precast slabs together. Tendons are very effective for 
post tensioning deck sections together with a total longitudinal length greater than 100 
feet because of strength loss due to relaxation, elastic shortening and chuck slippage 
(Libby 1977). Because of stress loss tendons are not efficient for shorter spans or panel-
to-panel post tensioning. 
1
 Phots Courtesey of: (TRB No. 1928, Russel, et al.) 
3 
1.3 Market for Sectional Post Tensioned Bridge Deck Panel Systems 
In 2003 The Federal Highway Administration (FHWA) reported that 27.1% of the 
United States (US) 592,000 bridges where structurally deficient or functionally obsolete. 
(ASCE 2005). In New England the construction season is short, traffic congestion is 
severe and the infrastructure system is in need of repair, a sectional approach to bridge re-
decking is vital to many projects. Typically, highway infrastructure repairs are 
performed at night to minimize traffic disruptions. The bridge deck system uses precast 
concrete panels; post tensioned sectionally using high strength threaded steel bars. This 
system makes it possible for construction crews to remove and replace existing bridge 
deck sections at night, when the traffic volume is minimal. During the day the bridge is 
re-opened to traffic and repairs can resume again at night. A new design approach was 
taken with precast bridge decking to develop the technology. The new design utilizes a 
tongue and groove transverse panel joint, sealed with thyxotropic epoxy to transfer shear 
between adjacent panels. 
1.4 Literature Review 
Since the late 1960's precast concrete elements have been integrated into bridge 
construction standards because of the ease of use, and the increase in construction 
productivity they can provide. During the 1970's and 1980's full depth precast concrete 
deck panels were being used by numerous Departments of Transportation (DOT's). High 
4 
profile bridge project's like the Woodrow Wilson Bridge in Washington D.C. (Chi et. al, 
1985) and the Oakland-San Francisco Bay Bridge were designed using full depth deck 
panels. 
In the mid 1990's, a research group at the of the University of Illinois at Chicago lead by 
Dr. Mohsen A. Issa distributed a survey to 53 Department's of Transportation (DOT's) to 
gauge the overall use and performance of full depth precast deck panels in the United 
States and Canada. Out of the 51 DOT's that responded, only 13 had used full depth 
bridge deck panels. In the Research Paper Full Depth Precast and Precast, Prestressed 
Concrete Bridge Deck Panels (Issa, et al. 1995) the results of the survey were reported 
along with construction details of various projects. The number and type of precast deck 
panels are shown by DOT in table 1.4.1.1. 
Historically, the major reason for precast bridge deck panel deterioration is failure in the 
transverse and longitudinal panel joints. Differential movement in the joints results in 
cracking, leakage and eventually major deterioration. Differential joint deflection can be 
a result of design, sealant material, post tensioning procedures, improper construction 
procedures, overloading and lack of maintenance. Specific precast bridge deck projects 
and their current conditions are listed in Table 1.4.1.2, by DOT. 
5 











































































































































X Table 4.1.1.2, Deck Problems (Issa, et. Al 1995) 
The survey asked for the age of the bridge deck, problems (if any) and the respective 
causes. Out of the 9 DOT projects, 5 have structures had various problems. All 5 
reported leaking at the transverse and longitudinal joints as the major issue, citing 
construction procedures as the main cause. Only 2 structures (both in service for over 10 
years) reported major deterioration. 
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A major cause of cracking and leaking joints in precast deck panels can be attributed to 
the post tensioning, or the lack thereof. Properly post tensioned decks will minimize 
cracking by staying in compression at service load. Finite element modeling was 
performed to determine the appropriate post tensioning stress across transverse panel 
joints for simply supported and continuous spans (Issa, et al. 1998). It was concluded 
that for simply supported spans, 250 psi is required along the transverse joint, in 
continuous spans the specified compressive force is increased to 450 psi. 
In the early 1990's a movement toward rapidly constructed, stronger more durable 
infrastructure was gaining momentum. The Federal Highway Administration's (FHWA) 
Innovative Bridge Research and Construction (IBRC) program helped State Highway 
Agencies (SHA) fund innovative bridge design and construction ideas. Full depth 
concrete panels follow the goals of Rapid Construction because of the speed in which 
they can be placed if properly designed and constructed. 
Full depth panel replacements with an emphasis on speed began utilizing faster curing 
materials and rigidly sequenced construction procedures. Many of the full depth, rapid 
construction standards outlined in 1995 are still standards today, including grouted 
female-to-female transverse joint connections, and steel tendon post tensioning systems 
(Issa, et al. 1995). In the late 1990's and early 2000's research on full depth bridge deck 
panels was continued using female to female connections (Markowski 2005). Around 
this period precast panels were beginning to be used for paving because of placement 
speed. Once again, female-to-female transverse joints were being used for panel 
7 
connections (Merritt, et al. 2000). FHWA scanning tours in Japan and Europe were 
conducted to evaluate rapid construction techniques using prefabricated bridge elements 
(Russell, et al. 2005). The mission of the scanning tours were to gain information on 
techniques that will 
"..Minimize traffic disruption, improve work zone safety, minimize 
environmental impact, improve constructability, increase quality and 
lower life-cycle costs." 
The scanning tours reported on methods that ranged from moving entire structures in 
Belgium with self propelled modular transporters (SPMT's) to the rapid full depth bridge 
deck replacements in Japan (Russell, et al. 2005). The Japanese use an overlapping 
reinforced transverse joint instead on the female-to-female connection. The overlapped 
reinforced joint requires a closer placement which can increase construction time. 
Rapid bridge construction techniques and materials continue to evolve and provide higher 
quality, faster construction, increased design life and minimized traffic disruptions. 
Various SHA's and research teams continue to use innovative methods and materials to 
expedite construction and mitigate traffic congestion (Pruski, Ronald and Ralls 2002). In 
New Hampshire the NHDOT continues to use new techniques, including full depth 
concrete deck panels (Haverhill-Newbury Bridge, over the Connecticut River). 
8 
CHAPTER II 
DESCRIPTION OF CONCEPT 
Because the proposed method for rapid bridge deck replacement uses new techniques and 
materials, numerous hours were spent to determine how to construct the bridge deck 
system. The panels need to be designed so they can be placed, and within a few hours 
incur vehicle loading without damage. This feature is imperative to expediting the 
process of bridge deck replacement. 
2.1 Preliminary Panel Design 
The basic design of the full depth (8.5 inch) tongue and groove panel is shown in figure 
2.1.1.0. The arrow indicates the direction of traffic flow across the panels. The panel is 
prestressed, (perpendicularly to the direction of traffic) and post tensioned (longitudinally 
to the direction of traffic) to the adjacent panels with high strength threaded steel bar. 
9 
Groove 
Figure 2.1.1.0, Sectional tongue and groove bridge deck panel 
2.2 Sectional Bridge Deck Construction Theory 
Figure 2.2.1.0 shows a rendering of an existing structure that will serve as the model for 
the deck replacement construction sequence. For the purposes of this example the 
existing deck will be steel reinforced cast in place (CIP) concrete. 
Figure 2.2.1.0, Base model for bridge deck replacement sequence 
2.2.1 Remove Existing Deck 
Before the new deck panels can be placed, sections of the existing deck must be removed. 




desired transverse locations, large sections of deck can be removed piecemeal with a 
crane. Shear studs in composite bridge structures can be removed from the beams along 
with the haunch by cutting transversely with a band saw. Ideally, construction begins on 
one end of the bridge and progresses to the other. It is feasible to begin deck replacement 
on both ends of the bridge and meet in the middle. Figure 2.2.1.1 shows a section of deck 
removed on the sample structure. 
Figure 2.2.1.1, Section of existing deck removed 
2.2.2 Place Grout Dam 
The grout dam creates the formwork for the haunch, grouting that fills the differential 
space between the top flange of the steel beams and the bottom surface of the precast 
panels. To facilitate rapid construction, the grout dam used for this project was adhesive 
backed closed cellular neoprene. Typically wood forms are used to fabricate haunch 
forms on a per project basis. The neoprene is cut into 1.5 inch wide strips that are placed 
around the perimeter of the beams top flange. The grout dam should only be placed on 
the top flange of the beams that will be covered by a new panel, because the haunch must 
11 
be placed before the bridge can re-open to traffic. Figure 2.2.2.1 shows the grout dam 
placed around the perimeter of the top flange of the beams. 
Figure 2.2.2.1, Grout dam placed around perimeter of beams 
2.2.3 Place and Level First Panel 
The end deck panels differ from the rest because they only have a transverse joint on one 
side. The end panel is attaching to one other panel unlike the rest of the panels (attaching 
to two). An end deck panel is shown in figure 2.2.3.1 below. The panel has 1 butt end 
and 1 groove end. 
Figure 2.2.3.1, End panel (butt end and groove end) 
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Once a section of existing deck has been removed, the end panel is placed on the existing 
bridge structure. The panels are fabricated with leveling screws in each corner. The 
screws sit on the steel beams and can be raised or lowered to level the panels. Until the 
haunch is placed the panels cannot support traffic loads. Once the haunch is cast and has 
cured, the screws are removed and the remaining holes filled with cementitious material 
or epoxy. Figure 2.2.3.2 shows two end panels (1-A & 1-B) placed on the sample 
structure. For this example the panels are two units wide across the bridge, depending on 
the bridge width, construction and trucking restraints, one or multiple panels can be used 
to span the bridges width. 
The panels shown in figure 2.2.3.2 have shear stud pockets. Shear studs are welded to 
the top flange of the steel beams at the pocket locations. The shear studs resist lateral 
loads and aid in composite action. Shear stud pockets are cast into the panel and the 
grout used to form the haunch is placed in these holes because they are directly over the 
steel beams. 
Figure 2.2.3.2, Two end panels (1-A and 1-B) installed on bridge 
13 
2.2.4 Insert Post Tensioning Bar and Equipment 
After the panels have been placed and leveled, the post tensioning bars and bearing plates 
are installed. The post tensioning system consists of high strength (150 ksi ultimate 
strength), threaded steel bars, instead of flexible steel tendons. The most commonly used 
product is THREADBAR® produced by Dywidag Systems International, Inc. (DSI) 
(DSI America 2003). The bars have deformations that act as threads for nuts, couplers 
and other equipment that is attached to the bars. 
The end deck panels have bearing plates cast inside of the transverse groove joint. The 
butt end, the panels have recesses cast in for the bearing plates. Prior to installation, the 
post tensioning bars must be cut to the correct length. Excess bar length at either end is 
undesirable for closure purposes. After the bars have been cut to the proper length and 
installed, the bearing plates and nuts are installed. Figure 2.2.4.1 shows the post 
tensioning equipment installed on the first set of deck panels. 
Figure 2.2.4.1, Post tensioning equipment 
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2.2.5 Stress First Panel 
If one panel is placed in one nights work, the single panel must be stressed before the 
haunch can be cast. The post tensioning is required for resisting traffic loads during the 
daytime. If multiple panels are placed in a single nights work, they should be stressed 
following placement of all panels. For the purpose of the construction theory procedure, 
only one set of panels is placed on the first night. 
2.2.6 Cast Haunch 
In most cases the grout used for the haunch is placed through the shear stud pockets cast 
in the panels. These holes house the shear studs, and provide a direct path to the top 
flange of the beams (or as far as the foam grout dams have been placed). The panels can 
carry traffic loads following the haunch being fully cured. The foam grout dam can be 
removed, but it is not necessary. 
2.2.7 Temporary Decking 
The next section of decking is removed concurrently with the placing of the first panel(s). 
When the bridge is re-opened to traffic, temporary steel decking is used to span the last 
section of removed deck. Further research and investigation must be performed to 
evaluate the use of temporary decking on a per structure basis. 
15 
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Figure 2.2.7.1, First panels ready for traffic (steel plate spanning construction gap) 
2.2.8 Place Grout Dam 
When work resumes on the second night the temporary steel decking is removed, and the 
grout dam is placed around the perimeter of the top flange of the steel beams where the 
next section of deck will be placed. The grout dam is shown in place in figure 2.2.8.1. 
Figure 2.2.8.1, Grout dam placed 
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2.2.9 Place Second Panel 
Once the grout dam has been placed along the top flange of the beam, the second panel is 
ready to be placed. The panels are placed approximately 1 foot apart to facilitate epoxy 
placement along the transverse joint. 
Figure 2.2.9.1, Second panel placed 
2.2.10 Insert Post Tensioning 
After the second panel is placed the post tensioning bars and equipment are installed. To 
create a continuous post tensioning system, mechanical couplers are used to splice bar 
ends. The couplers transfer forces to and from adjacent bars. The groove panels are post 
tensioned at the transverse joint, recess in the tongue panel transverse joint house the 
coupler. Bar lengths are typically 40 feet. Longer bars can be used to post tension 
multiple panels if construction windows permit. 
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2.2.11 Epoxy Placement 
Thyxotropic epoxy is placed along the tongue and groove of the transverse joint to 
approximately V4" thickness on both sides. Thyxotropic epoxy does not sag or drip when 
placed vertically, making it ideal for placement on the surface of the transverse joint. 
The epoxy is designed to have a pot life of 6 hours. Shown in yellow in figure 2.2.11.1 is 
the thyxotropic epoxy. 
Figure 2.2.11.1, Epoxy placement 
2.2.12 Bring Panels Together 
After epoxy placement is complete the panels must be brought "snug tight" with each 
other in preparation for stressing. The panels are shown "snug tight", with an epoxy 
filled tongue and groove joint in figure 2.2.12. 
18 
2.2.12.1, Sung tight panels 
2.2.13 Stress Second Panel 
Once the panels are snug tight they are post tensioned. The panels are stressed 
symmetrically, from the inside-out to minimize eccentricities during post tensioning. 
Excess epoxy is forced out of the transverse joint during stressing; this must be screeded 
before it sets. 
2.2.14 Cast Haunch 
Once the desired numbers of panels are stressed and the excess epoxy has been removed, 
the haunch is cast. This procedure was outlined in section 2.2.6. Figure 2.2.14.1 shows 
two completed bridge deck sections. 
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2.2.14.1, Two completed deck panels 
2.2.15 Post Panel Placement 
Once all panels have been placed, a wearing surface is applied. The wearing surface can 
be an overlay such as Methylmethacralate, or a waterproofing membrane and asphalt. 
Creating the crown of the bridge can be accomplished with asphalt. Curbing can be slip 
formed on site or cast on the panels at the precast facility. 
2.3 Panel Design 
2.3.1 Panel Dimensions 
The test panel dimensions were controlled by the 8'3" width of the laboratory load frame 
used for testing. The dimensions of the test panels are given in Table 2.3.1.1. The width 


















Table 2.3.1.1, Overall panel dimensions 
2.3.2 Tongue and Groove 
The tongue and groove transverse joint must be designed to transfer shear between panels 
as vehicles move across them and have enough joint tolerance to fit together properly. 
Durability and formability were controlling factors in the design of the tongue and groove 
transverse joint. 
2.3.2-1 Rounded & Angular Tongue's and Groove's 
A rounded design of the tongue and groove allows for more placement tolerance because 
of the lack of sharp corners and edges. Considered by the research team to be the best 
design, it is also the most expensive to fabricate. Fabricating rounded tongue and groove 
forms was too expensive for this trial. In Theory an angular design will function as well 
as a rounded design once placed, but it has less tolerance with regard to panel placement. 
Because both designs incorporate an epoxied tongue and groove joint, for design 
purposes the shear depth of both designs was considered to be 8.5 inches. The form cost 
associated with an angular design was substantially less (~$5,000). Based on the cost of 
the two tongue and groove design options, an angular design was chosen. The final 




Figure 2.3.2.1, Tongue and groove design 
Figure 2.3.2.2, Tongue and groove joint closed 
2.3.3 Post Tensioning Design 
The panels are post tensioned longitudinally with 1 inch diameter, THREADBAR®. 
Using post tensioning bar instead of tendons makes it possible for panels to be placed 
sectionally because the bars have no minimum distance required for post tensioning. 
2.3.3-1 Force Requirements 
AASHTO 9.7.5.3 requires 250 pounds per square inch (psi) of compression between 
precast concrete bridge deck panels. The NHDOT adds an additional 150 psi for 
negative moment resistance over supports. This totals 400 psi in compression required 
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along the transverse tongue and groove joint. To achieve 400 psi of compressive along 
the 8' joint there needs to be 4, 1 inch diameter THREADBAR®. Shown in figure 
2.3.3.1 is the layout of the post tensioning bars. 











Figure 2.3.3.1, Post tensioning layout 
2.3.4 Post Tensioning Equipment 
The THREADBAR® system has multiple components; couplers, bearing plates, nuts, 
etc. These components are used to secure and connect post tensioning bars to each other. 
The majority of the components are housed at the location of the transverse joint. 
2.3.4-1 Bearing Plates. Nuts 
DSI has a pre-designed, proprietary system for the 1 inch diameter THREADBAR®. 
This system uses steel countersunk bearing plates (1 VA" X 5" x 5"). The counter sink 
makes the nut self centering on the bearing plate, which is ideal during stressing. The 











Figure 2.3.4.1, Bearing plates 
2.3.4-2 Mechanical Coupler 
To make the post tensioning continuous, mechanical couplers are attached to bar ends 
and threaded half way. This enables full force transfer through the coupler. Figure 
2.3.4.2 shows a mechanical coupler. 
Mechanical 
Coupler 
Figure 2.3.4.2 Mechanical coupler 
2.3.5 Prestressing r5/8th inch PT Bar) 
To achieve the maximum amount of compression possible in the transverse direction (to 
traffic) without prestressing strands, 5/8 inch diameter post tensioning bars were used. 
The bar is identical to the 1 inch diameter bar used to connect adjacent panels in terms of 
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deformation patterns and connection systems. To achieve approximately 400 psi in 
compression, 2 layers of 3 bars each (total 6 bars/panel) were used. Each bar is stressed 
to approximately 26 kips. Figure 2.3.5.1 shows the two layers of 5/8 inch post 
tensioning. 
Figure 2.3.5.1, Transverse 5/8 inch post tensioning 
2.3.6 Mild Steel 
Mild steel was used for temperature and shrinkage as well as stirrups for the Tongue and 
Groove joint. Because this was considered a feasibility test, there was no design for mild 
reinforcement other than meeting minimum requirements for temperature and shrinkage 
steel. 
2.3.6-1 Stirrups 
Stirrups were used to reinforce the tongue and groove joints (#4 bars). Stirrups were 
spaced at 12 inches on center in the tongue and groove panel. Figure 2.3.6.1 and 2.3.6.2 




Figure 2.3.6.1, Tongue reinforcement 
Groove 
Stirrup' 
Figure 2.3.6.2, Groove reinforcement 
2.3.6-2 Temperature and Shrinkage 
Temperature and shrinkage steel were # 3 Bars (3/8 inch diameter) at 18 inches on center. 
Because of the use of the 5/8 inch bars for "prestressing" and related housing there was 
not enough depth in the panels to meet the minimum cover requirements (1.5 inch) for 
the temperature and shrinkage steel. There was approximately 1 inch of cover on the top 
and % inch on the bottom of the panels. 
2.3.7 Additional Equipment 
Additional equipment was needed for the panels to facilitate leveling and haunch casting. 
Some of this equipment is used in standard construction, but other items such as the 
haunch access holes were custom designed for this project. 
2.3.7-1 Leveling Screws 
Four leveling screws were designed for placement in each panel. The leveling screws 
and housing are cast directly in the panel. Following haunch placement, the screws are 
removed from the panels and the remaining holes are filled. A shop drawing of the 





Figure 2.3.7.1, Leveling screw detail 
2.3.7-2 Haunch Access Holes 
Haunch access holes are used for the test panels because no shear studs where used for 
the feasibility test. Typically the shear stud knockouts double as haunch access points. 






EVALUATION OF CONCEPT 
Sectional bridge deck design must be evaluated for its overall performance, as well as the 
performance of the individual pieces that make up the system. Materials and methods 
must be evaluated based on their individual properties for initial design, planning and 
implementation phases. This system analysis is crucial because it evaluates the ability of 
the components to function as a monolithic deck, achieving the design goals. 
3.1 Post Tensioning System Evaluation 
The first step in evaluating the post tensioning system is assessing the ease of use of the 
products and methods previously described. It is essential for the individual pieces to 
work in concert to achieve the design goals. If the various parts are not compatible, the 
system will not be recommended for production 
3.1.1 Post Tensioning Process Compatibility 
The DSITHREADBAR® system is used in a wide variety of construction applications 
including buildings, segmental bridge construction and concrete paving. 
THREADBAR® is hot rolled, high strength steel bar capable of post tensioning over 
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long and short distances with very small amount of strength loss (2%-4%) (DSI America 
2003). 
Compact hydraulic jacks are used to stress a bar to achieve the desired post tensioning 
force. The THREADBAR® system includes: conduit, grout ports, bearing plates, nuts, 
threaded bars, couplers and various small plastic pieces. Each of these components were 
evaluated for ease of use and functionality specific to this application. Specifically, the 
performance of post tensioning conduit was scrutinized. 
3.1.2 Achievement of Compressive Stress between Adjacent Panels 
The requirement of 400 psi compressive force along the transverse joint must be verified 
to guarantee adequate negative moment resistance in the deck. Negative moments 
develop over supports due to loading of the spans and develop forces that can split the top 
surface of the transverse joint. In addition to negative moment resistance, the longitudinal 
compressive stress (induced by the post tensioning) prevents cracking by keeping the 
section in compression at service load. 
3.2 New Construction Material Performance Evaluation 
New construction materials, including the grout dam and transverse joint thyxotropic 
epoxy were evaluated for constructability and performance. Both of these materials were 
not tested by the manufacturer for this application, and are vital to a successful test. 
29 
3.2.1 Grout Dam 
Closed cellular adhesive backed foam was used to fabricate the grout dam for the haunch. 
The material is commercially available in sheets (4'x 8' x 1.5"). The sheets were cut into 
strips (8' x 1" x 1.5") and adhered around the perimeter of the top flange of the steel 
beams prior to panel placement. The strips were built up vertically as required. Once the 
haunch has cured the grout dam can be removed if desired. The material's ability to 
adhere to the steel beams and itself will be evaluated. Further, the material's durability 
was evaluated as the deck panels were placed on the stringers. 
3.2.2 Thyxotropic Epoxy 
During the two test's, the specially designed thyxotropic epoxy was evaluated for its 
ability to be placed to the required thickness on the transverse joint. The epoxy must be 
placed approximately lA inch thick on each side of the transverse joint. The ability to 
place the epoxy was evaluated to ensure that minimal thickness of epoxy can be placed 
without sagging/dripping off the vertical surface. 
The thyxotropic epoxy was evaluated in its liquid and plastic states. When the epoxy is 
mixed there is a projected 6 hour pot-life. The epoxy is exothermic; this adversely affects 
workability as time increases. After the epoxy has fully cured, determining the plastic 
properties is important for assessing the long term durability of the system. The cured 
epoxy was evaluated for compressive strength and modulus of elasticity. The 
compressive strength of the cured epoxy must be at least equal to that of the concrete. 
The modulus should be equal or less than that of the concrete to prevent cracking. 
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3.3 System Performance 
The performance of the sectional deck panel system was evaluated below, at and above 
service traffic loads. The deck panel's deflections were monitored using dial gauges (8 
total) at four locations along the transverse panel joint. The observed values were 
compared to the calculated values. The deflection analysis was used to verify that the 
sectional bridge deck construction system does not compromise structural integrity. 
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CHAPTER IV 
FABRICATION OF TEST PANELS 
Fabrication of the test panels required the utmost attention to detail to ensure that the 
tight design tolerances were maintained. Fabrication of the panels was done at the UNH 
structures laboratory and took two people approximately 45 days to complete. 
4.1 Panel Body Forms 
The panel forms were constructed from 3/4 inch marine grade birch plywood because of 
its strength and resistance to swelling. A test panel form is shown in figure 4.1.1.0. The 
form connections are glued across the entire length and screwed 8 inches on center to 
ensure rigidity during concrete placement. 
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Figure 4.1.1.0, Panel form 
4.2 Tongue and Groove Forms 
Two types of materials were used to fabricate the tongue and groove forms. A set of 
stainless steel forms were fabricated offsite by Gilchrest Steel Manufacturing in Hudson, 
NH and a set of birch plywood forms were fabricated in the laboratory. The forming of 
the tongue and groove joint had a design tolerance of +1/16 inch. This high tolerance is 
required to ensure the tongue and groove fit together properly. 
4.2.1 Stainless Steel Tongue and Groove Forms 
The stainless steel tongue and groove forms were fabricated from 1/8 inch steel plate that 
was bent in a break, and reinforced with 1/8 inch steel ribs as shown in figures 4.2.1.1 
and 4.2.1.2. The tongue and groove forms were bolted to the panel form using 3/8 inch 
bolts. 
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Figure 4.2.1.1 Stainless steel groove form (exterior view) 
Figure 4.2.1.2, Stainless steel tongue form (interior view) 
4.2.2 Birch Plywood Tongue and Groove Forms 
A second set of tongue and groove forms were fabricated using marine grade birch 
plywood. These forms were fabricated by cutting % inch strips of plywood to create the 
profile of the tongue and groove. Figure 4.2.2.1 is the profile view of the drawings used 
for the tongue and groove form fabrication. The pieces were attached to each other using 
glue and screws. Both forms were reinforced with a longitudinal flange to minimize 
sweeping during the concrete placement. 
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Figure 4.2.2.1, Plywood tongue and groove form profiles 
4.3 Conduits for Post Tensioning 
Conduit was used to house the 5/8 inch and 1 inch THREADBAR®. The conduit creates 
a void in the concrete for the bars to be placed after the concrete is placed and cured. 
Conduit also provides a voided area for grouting the bars after post tensioning. 
4.3.1 Plastic Conduit for the 5/8" Transverse Post Tensioning (Simulated Prestressing-) 
To simulate prestressing, 5/8 inch post tensioning bars were used in the transverse 
direction. Corrugated plastic conduit was used to sheath the 5/8 inch post tensioning bars. 
The bars need to be housed in the conduit during the concrete placement to provide 
rigidity. Figure 4.3.1.1 shows the 5/8 inch bars sheathed in the conduit. Holes were 
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drilled in the sides of the forms so the bars could protrude, providing extra rigidity during 
casting. 
iipll- Layer 1 
> Layer 2 
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Figure 4.3.1.1, 5/8 inch post tensioning bar 
The bars were threaded through conduit with two inline grouting ports installed per bar. 
One port is used to inject grout and the other to vent air from the system. The connection 
of the grout ports and the conduit are shown in figure 4.3.1.2. The grout ports and the 
conduit have the same inner and outer diameter, preventing the two pieces from being 
fitted over one another. It is imperative that the seal between the ports and conduit be 
water tight to keep the self consolidating concrete (SCC) from penetrating the conduit. 
To create a semi-rigid, waterproof Seal Blue covalence 824 shrink wrap tape was used. 
When heat is applied to the tape it shrinks, creating a form fit around whatever it is 
adhered to. Once the tape has been heated and shrunk it creates a watertight seal between 
the conduit and the grout port. 
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Figure 4.3.1 2, 5/8" conduit 
4.3.2 Galvanized Steel Conduit for 1" Post Tensioning 
Galvanized steel conduit was used to house the 1 inch post tensioning bar. The 
galvanized conduit is typical for post tensioning and performs better than the plastic 
conduit because it is rigid enough to be installed without using the post tensioning bars 
for support. DSI was unable to provide galvanized conduit for the 5/8 inch bars. 
Tongue panel bars require two grout ports, one injection port and one air vent. Groove 
panel bars only require one port, because the air vent is installed in the bearing plate 
pocket of the groove panel. 
The conduit passes through a cut out in the rear of the form to support the weight and 
orientation of the conduit. The interface is sealed with silicone caulk to prevent the SCC 
from leaking. The front side of the conduit is embedded in the foam knockouts (tongue 
panels) or attached to an anchor that connects to the bearing plate (groove panels). Foam 
knockouts are required on the tongue side to provide a recessed flat surface for the 
bearing plate to bear on. The conduit was embedded into this foam to maintain its 
orientation and spacing. On the groove panels, bearing plates were cast into the slab, and 
the conduit was secured to the bearing plates using plastic nuts which are part of the DSI 
THREADBAR® system. 
Figure 4.3.2.1 shows the conduit layout for the groove form. On the right side of the 
figure the conduit passes through a cutout at the back of the through the form. Moving to 
the left the first grout port can be seen, and further left the second. At the left edge of the 
figure are the bearing plates. The bearing plates are glued to the blue foam knockouts. A 
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Figure 4.3.2.1, Groove 1" conduit 
Figure 4.3.2.2 shows the conduit layout for a tongue panel. On the right side of the figure 
the conduit passes through a cutout at the back of the form for support. Further to the left 
is one grout port; the other port is embedded into the foam knockout of the groove side in 
front of the bearing plate. The conduit flares out with an expander that threads onto the 
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conduit. The expander is used for housing the couplers once the adjacent panels are 
connected. The expander tapers from 1 Vz inches to 2 Vi inches, and is approximately 5 
inches in length. The expander is embedded into the foam knockout for rigidity and 
spacing purposes. 
4.4 Foam Knockouts 
Foam knockouts are used for the interface of the 1 inch post tensioning bar and the 
tongue/groove form. A composite of blue and pink polystyrene foam board is used 
depending on the dimensions of the knockout needed. Prior to the test panel installation 
the foam knockouts are removed. 
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4.4.1 Groove knockouts 
The foam knockouts in the groove panel have multiple purposes; to provide adequate 
space for the nose of the hydraulic jack and to accommodate the coupler and nut used to 
connect adjacent panels. The nose of the hydraulic jack attaches to the nut that is counter 
sunk into the bearing plate. The groove knockout also serves as a location for grouting 
the tongue panels post tensioning bars. Since the port is placed after the bearing plate, it 
will act as part of the tongue panel. Fabricated from 2 types of foam board, the groove 
knockout is shown in figure 4.4.1.1. The knockout base is made from 3 inch blue 
polystyrene foam; the sides of the base are covered in lA inch pink polystyrene foam. A 
template of the groove form was fabricated from cardboard and then replicated using a 
band saw to cut the foam. The bearing plate is glued to the knockout to improve rigidity 
during concrete placement. 
Figure 4.4.1.1, Groove knockout 
In figure 4.4.1.2 the grout ports are protruding straight out of the foam knockouts. This is 
used as an air vent to grout the post tensioning bars in the tongue panel. 
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Figure AAA.2, Groove knockouts with grout ports 
4.4.2 Tongue Knockouts 
The tongue knockouts are used to create a void for the post tensioning equipment. The 
tongue knockout is made entirely of blue foam board, and is smaller in size than the 
groove knockout. The knockout and conduit are directly connected, and sealed as shown 
in figure 4.4.2.1. 
Figure 4.4.2.1, Tongue knockout 
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4.5 Additional Equipment 
Additional equipment is fabricated and installed in the panels to aid in construction. 
Leveling screws and haunch access ports are considered "additional equipment". 
4.5.1 Leveling screws 
Four leveling screws were installed per panel. The screws are partially housed in a 
carriage which is heavily greased to prevent bonding to the concrete. The screws were 
placed as close to the panel corners as possible. Figure 4.5.1.1 shows a complete leveling 
screw assembly. The leveling screw has a nut welded to the top as a mechanism to turn 
the screw to raise and lower the panel. 
Figure 4.5.1.1, Leveling screw 
4.5.2 Lifting Hooks 
Tongue mild steel stirrups were rotated 90 degrees and used as lifting hooks. Lifting 
hooks were placed at multiple locations on the panels to facilitate various lifting 
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configurations. In figure 4.5.2.1, the lifting hooks can be seen at the four corners of the 
figure. The hooks are tied to the mild reinforcement for rigidity during the concrete 
casting. 
Figure 4.5.2.1, Lifting hooks 
4.5.3 Haunch Access Ports 
Haunch access ports were placed to provide a location to pour the grout to create the 
haunch. Normally the haunch would be accessed through the shear stud holes. Since no 
shear studs were used in the test panels the ports shown in figure 4.5.3.1 were used. 
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Figure 4.5.1.1, Haunch access ports 
4.6 OA/OC 
Quality control/assurance is the most important part of the fabrication process. Because 
of the tight design tolerances, quality control was an extensive and lengthy process. 
4.6.1 Shrink Wrap Tape 
At the interface of all conduit, grout ports, and splices shrink wrap tape was used. The 
tape provides a formfitting, waterproof seal around whatever it is placed on. The tape is 
approximately 7 mils thick and polyethylene film and rubber based adhesive. Adhesion is 
rated at 40 oz per inch (to stainless steel) and tensile strength is approximately 221b per 
longitudinal inch. Shown in figure 4.6.1.1, the blue tape can be seen at all conduit 
interface areas. The tape provides a crucial seal to prevent the highly flowable SCC from 
infiltrating the tubes and making post tensioning difficult, if not impossible. 
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Figure 4.6.1.1, Shrink wrap tape 
4.6.2 Silicone Caulk 
Silicone caulk was used to seal all plywood form joints. The interfaces of all the form-
boards were caulked, as well as the interface of the form-boards with the conduit and 
knockouts. The silicon provides a water tight seal around the inside of the panel. 
4.6.3 Rebar Tolerance 
All of the post tensioning conduits and rebar were repeatedly measured and held to a 
vertical and horizontal tolerance of less than 1/8 inch. 
4.6.4 Form Greasing 
After fabrication, the wooden forms were coated with 3 coats of MBT Polyurethane 
"Form-Coat". The form coat preserves the wood, reduces bond, and waterproofs the 
forms, providing the ability for multiple castings using the same forms. Prior to the 




Testing material properties are imperative to the analysis of the sectional bridge deck 
concept. Materials like the thyxotropic epoxy were custom made, and no mechanical 
properties are known. 
5.1 Concrete 
The concrete used for the test panels was a self consolidating concrete (SCC). SCC is 
also known as flowable concrete because it requires no mechanical means to consolidate 
(Hartman 2004). The mixture used for the test panels had a very high early and long term 
strength, low permeability and air content. 
5.1.1 Mix Design 
Preliminary meetings with the concrete supplier provided the initial materials and 
performance specifications for the mix to be used, shown in table 5.1.1.1. Typically a 
high early strength is required for prestressing and form stripping/moving purposes. Low 
permeability is vital to bridge deck panels because of the high importance of water and 
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chloride infiltration. Spread and aggregate size affect the flowability of the concrete; in 
























Table 5.1.1.1, Specified concrete properties 
5.1.2 Concrete Delivered 
The concrete that was delivered to the site varied slightly from the requested mix, but was 
adequate for casting the test panels. Spread and max aggregate properties of the concrete 
delivered are shown in table 5.1.2.1. The table shows that the concrete delivered had a 
much smaller spread than was requested. A spread of 22 inches is on the cusp of not 
being considered a non-self consolidating mix, but it was deemed acceptable for this 
application. A picture of the spread test is shown in figure 5.1.2.1. The concrete supplier 
could not supply the mix with 3/8 inch aggregate, so 3A inch aggregate was accepted. 





Table 5.1.2.1, Properties of concrete used 
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Figure 5.1.2.1, Spread test 
5.1.3 Other Properties of Concrete Delivered 
To test the material properties of the fresh concrete delivered, 28 test cylinders in were 
cast in compliance with ASTM C192/C192M-02. The cylinders were tested to determine 
the compressive strength, and modulus of elasticity. 
5.1.3-1 Compressive strength 
Compressive strength tests were performed in compliance with ASTM C39/C39M using 
the hydraulic testing machine at the University of New Hampshire structures laboratory. 
Five cylinders were tested; table 5.1.3.1 shows the cylinders failure load (kips) and 
compressive strength (psi). The average, ultimate compressive strength for the test 
cylinders was 9,210 psi. 
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Table 5.1.3.1 Compressive strength 
5.1.3-2 Modulus of Elasticity 
The modulus of elasticity was calculated three different ways. Two calculations used 
empirical equations ACI-318-02 (eq. 1) and an equation developed for high strength 
concrete (Slate, Nelson and Martinez 1985) (eq. 2); the third calculation was done using a 
compresserometer (ASTM 469-02) and the Instron testing machine. The three modulus 









Table 5.1.3.2, Modulus values 
5.1.3-3 Air Content 
The mix was tested in accordance with ASTM C231-04 and the air content was 
determined to be 4.5%, well within the specified range. The air content test is shown in 
figure 5.1.3.3. 
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Figure 5.1.3.3, Air content test 
5.2 Grout Dam Foam 
The grout dams were fabricated from a closed cellular neoprene. The closed cellular was 
shipped as a 4' x 8' x 1.5" sheet with adhesive backing. The sheet was cut into 1.5 inch 
wide strips and placed around the perimeter of the beams top flange. Material properties 
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Table 5.2.1.1, Grout dam foam properties 
5.3 Epoxy 
The epoxy used to seal and glue the transverse joint is a thyxotropic epoxy (manufactured 
by Emecole Inc.) specifically designed to have a 6 hour pot life at 65°F-75°F. This 
means that after mixing, there is approximately a 6 hour window before the epoxy sets. 
This type of epoxy was chosen because it is inclined not to sag/drip when placed on a 
vertical surface, which is ideal for the vertical placement needed for the transverse joint. 
5.3.1 Epoxy Compressive Strength 
Epoxy cylinders were fabricated and tested using the same method that is done for testing 
concrete as outlined in section 5.1.3.1. Epoxy compressive strength values are shown in 
table 5.3.1.1. 










Table 5.3.1.1, Compressive strength of epoxy 
5.3.2 Epoxy Modulus of Elasticity 
Epoxy cylinders were tested using the compressometer to determine modulus of elasticity 
for the epoxy. The modulus value for the epoxy is shown on table 5.3.2.1 
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Modulus of Elasticity (E) 
371,121 
Table 5.3.2.1, Modulus of elasticity of epoxy 
5.4 Post Tensioning Bars 
Dywidag post tensioning thread bars are hot rolled steel alloy bars that conform to ASTM 
A722. The bars come in a variety of sizes and can be shipped lengths up to 60 feet. The 
bars have an ultimate stress of 150 ksi but should not be stressed over 70% of ultimate 
strength (DSI America 2003). 
5.4.1 Material Properties 
The material properties for the THREADBAR® are shown in figure 5.4.1.1. 
Modulus 























The slab test preparations were the laboratory version of replacing an existing bridge 
deck. The procedures and methods outlined in section 2.2 were followed to connect 
the slab system. Details of the success and failures of the slab assembly are outline in 
Chapter 10. 
6.1 Support Placement 
The test panel's support system is comprised of two steel girders, formerly in place 
on a bridge structure in New Hampshire. The girders had no cross bracing between 
them, and were shimmed and leveled on the laboratory floor with steel plates. 
6.1.1 Girder Dimensions 
The plate girders had an overall height of 33 inches and a flange width of 13 inches. 
The girders were cut to a length of 6' 11" for loading purposes. The girders were 
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spaced 7 feet center to center to accommodate the 8 foot wide panels. The deck 
panel support beams are shown in figure 6.1.1.1 
Support 
Beams 
Figure 6.1.1.1, Support beams 
6.2 Grout Dam Placement 
The grout dam used on this project was an adhesive backed, closed cellular foam that 
facilitates rapid placement. The foam is placed around the perimeter of the beam to 
create a form for the haunch. 
6.2.1 Cutting of Foam 
The foam is commercially available in 4' x 8' x 1.5" adhesive backed sheets. A layer 
of wax paper coats the adhesive and is removed prior to placement. To facilitate 
placement the foam was cut into 1.5" x 8' strips using a band saw. 
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6.2.2 Placement 
The surface of the girders top flange was cleaned with a wire brush prior to placement 
to remove excess rust and debris. The first layer of foam was placed around the 
perimeter of the girders top flange, adhesive face down. The second layer of foam 
was placed with the adhesive layer facing down on top of the first layer. This created 
a grout dam around the perimeter that was 1.5 inches by 3 inches. All seams are 
sealed with double sided tape to minimize grout leakage. Figure 6.2.2.1 shows the 
grout dam placed around the perimeter of the girder. 
Layer 1 
Layer 2 
Figure 6.2.2.1, Grout dam in place 
6.3 Post Tension 5/8" Post Tensioning Bar 
Six, 5/8 inch post tensioning bars were stressed in each panel in the transverse 
direction to provide compression similar to that induced by prestressing strands. 
Steel bearing plates (5" x 4" x Vi") were used on both ends of the bars to minimize 
cracking. The bars were placed in 2 layers of 3, top and bottom. 
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6.3.1 Post Tensioning 
Using a hydraulic jack leased from DSI the bars were post tensioned to approximately 
26 kips per bar which induced approximately 400 psi of compression in the slabs in 
the transverse direction (to traffic). The hydraulic jack head used to post tension is 
shown in figure 6.3.1.1. The bars were stressed in a sequence which minimized 
eccentricities and stress concentrations. Figure 6.3.1.2 shows the six 5/8 inch bars in 
the panels with numbers corresponding to each. The numbers correspond to the order 
in which the bars were stressed beginning with the bottom middle bar, and ending 
with the top right bar. 
Figure 6.3.1.1, Hydraulic post tensioning jack 
• 4 ' •! •§ 
• 3 • 1 • 5 
Figure 6.3.1.2, Post tensioning stressing patterns 
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6.4 Place and Level First Panel 
The tongue and groove panels fabricated with the steel forms were tested first. The 
first panel placed was the groove, followed by the tongue. Once the 6, 5/8 inch bars 
were post terisioned the panels were lifted with the crane and placed on the test 
beams. It is vital that the panels are leveled after placement to ensure an even surface 
for testing. 
6.4.1 Leveling 
Following placement, the first panel is leveled using the leveling screws cast inside 
with the aid of a theodolite. The theodolite reads the vertical elevation of the corner 
of each panel. The leveling screws are adjusted until all corner elevations are equal. 
It is important that the panels are leveled on diagonals to reduce leveling time. The 
panels were set such that the bottom of the slabs were approximately 2 inches from 
the top flange of the beams, leaving adequate space for the haunch, while still slightly 
compressing the grout dam. 
6.5 Insert Post Tensioning System 
After the first panel is placed the equipment for post tensioning is inserted. The 1 
inch THREADBAR® is used to induce the 400psi compressive force. The 
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THREADBAR® and associated components must be contained within the knockouts 
cast in the panels. The post tensioning system is shown in figure 6.5.1.0. 
laser—sagr"ffimr»^ 
Figure 6.5.1.0, THREADBAR® 
6.5.1 Cut Bars 
All post tensioning bars were shipped in 8 foot lengths, and had to be cut to fit inside 
the test setup. The bars placed in the groove panel were cut to 3.5 feet in length. This 
length provides enough room to fit inside the panel with all excess bar sticking out of 
the back of the test panels. 
6.5.2 Insert Bars. Bearing Plates 
The post tensioning bars are inserted into the panels with one bearing plate on each 
side. The bearing plates were provided by DSI and have a self-centering nut 
assembly consisting of a hemispherical backed nut which fits into a centering notch in 
the bearing plate. The bearing plate on the groove side was cast into the panel to 
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minimize the size of the knockouts needed. Once the bars were placed, the nuts were 
turned until snug tight. Once the bars were secure, they were measured to ensure that 
the proper amount of steel was protruding from the groove bearing plates for jacking. 
This section of the bar is used for applying the hydraulic jack, and attaching the 
mechanical couplers. 
6.6 Post Tension First Slab 
The first panel is post tensioned to itself to induce stress in the longitudinal direction 
to evaluate the couplers and sectional post tensioning theory. Once the bars are 
placed, a hydraulic jack is used to stress the bars to approximately 60 kips, which 
induced approximately 400 psi (NHDOT specification). 
6.6.1 Post Tensioning Sequence 
To minimize the eccentricities and stress concentrations during post tensioning the 
panels must be stressed in a specific sequence. The two middle bars are stressed first, 
then the two outside bars. Once the bars were stressed, couplers were placed on one 
end of the stressed bars. Post tensioning of a 1 inch bar is shown in figure 6.6.1.1. 
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Figure 6.6.1.1, Post tensioning 1 inch bar 
6.7 Place and Level Second Panel 
Once the first panel has been placed, leveled, and stressed the second panel is placed 
and leveled. The second panel is placed and leveled with the crane, the same way as 
the first panel (described in section 6.4). The second panel is placed and leveled 
approximately 1 foot horizontally from the first panel. 
6.8 Insert Post Tensioning System 
Once the second panel has been placed, the post tensioning system components can 
be installed. The post tensioning bars will connect to the first panel's bars via 
mechanical couplers, making the post tensioning system continuous. 
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6.8.1 Cut Bars 
The bars placed in the second (tongue) panel were cut to 5 feet in length. This length 
provided enough room for the bars to fit inside the panel with minimal excess bar 
sticking out of the back. The bar length is longer than that of the first panel by 1.5 
feet. The extra length facilitated the connection of the two panels for the purposes of 
this test, but is not feasible for production. 
6.8.2 Insert Bars, Bearing Plates 
The tongue panel only required bearing plates on one side. The post tensioning bar is 
connected to a mechanical coupler on the other end. 
6.9 Epoxv 
Once the panels are placed and leveled 1 foot from of each other, the transverse joints 
are coated in epoxy. The epoxy is used to seal any gaps between the panels after post 
tensioning. Thyxotropic epoxy facilitates the vertical surface placement. 
6.9.1 Mixing 
The epoxy is mixed by a ratio of 2:1 by weight. For the test panels 3 lbs of part A 
were mixed with 1.5 lbs of part B. The mix was blended with a mixing blade 
attached to a standard Vi inch drill for approximately 10 minutes or until the 
61 
black/white mixture is an even gray. The mixture will begin to give off heat at this 
point and will continue until the initial set is reached (approximately 6 hours). 
6.9.2 Placement 
The epoxy was placed on the surface of the tongue and groove to an approximate 
thickness of lA inch on each face. Initially the epoxy was applied with a trowel, but 
the most efficient means of placement are with a gloved hand. If the mix is allowed 
sit for approximately 45 minutes before placement, it will heat up and become 
"tackier" and more workable for vertical application. Epoxy placement is shown in 
figure 6.9.2.1 
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Figure 6.9.2.1, Epoxy placement 
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6.10 Post Tension Panels Together 
Once the epoxy was placed the panels were brought together by pushing the second 
panel until "snug tight". Once the panels were "snug tight" to each other, post 
tensioning commenced. 
The panels are post tensioned to approximately 60 kips per bar, inducing the 400 psi 
required between panels. As the panels come together, excess epoxy is forced out of 
the transverse joint sealing any gaps. Excess epoxy is shown in figure 6.10.1.0. 
Figure 6.10.1.0 Excess epoxy 
6.10.1 Post Tensioning Sequence 
To minimize the eccentricities and stress concentrations the two middle bars were 
stressed first, then the two outside bars. 
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6.11 Grout Haunch 
The haunch fills the gap between the top flange of the beams and the bottom of the 
deck panels. The haunch is typically made from cementitious grout, which is poured 
into the shear stud knockouts. The grout is highly flowable, so good form work is 
vital to preventing leaks and blowouts. 
6.11.1 Haunch access ports 
Because the test deck panels did not use shear studs, haunch access ports were cast 
into the panels for grouting access. The haunch access ports were fabricated by 
taking 1 Vz inch steel conduit and foam blocks. The foam was glued to the bottom of 
the form and the conduit was fitted on top of the foam. 
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CHAPTER VII 
TESTING APPARATUS AND PROCEDURE 
After assembly, the deck panels were tested in simple bending to determine deflections at 
select locations below, at and above service load. The defection data was compared to 
empirical calculations to evaluate the design concept. The panels were tested in UNH 
structures laboratory in accordance with ASTM standards. 
7.1 Simple Bending Test 
The simple bending test specifies a single point load be applied at the midpoint of the 
panel span. The load is applied approximately 6 inches from the transverse panel joint. 
The load was cyclically applied as outlined in section 7.5, to determine pre and post crack 
behavior. After three cyclical load tests, the panels were tested to ultimate, which is 
defined as the maximum output of the testing equipment or a significant failure in the 
deck panels. 
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7.2 Support Apparatus 
The support apparatus is defined as the deck panel supports (beams) and the load 
supports (load frame). All support frame elements are fabricated from steel. 
7.2.1 Load Frame 
The load frame used for testing is a structural steel frame with a 300 kip load capacity. 
The frame consists of a double wide flange section base that support two cruciform's on 
either side which support the cross beam. The load cell is attached to the bottom cross 
beam, at the midpoint. The load frame is shown in figures 7.1.2.1 and 7.1.2.2. 
Load 
Cell 
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Figure 7.1.2.2, Load frame 
7.2.2 Girder Supports 
Two decommissioned steel girders were used to support the deck panels during testing 
shown in figure 7.2.2.2. The girders were wide flange sections, and the properties are 









Table 7.2.2.1 Properties of deck panel supports 
Support 
Beams 
4t|»...» . , . l'..iih< WW-
Figure 7.2.2.2, Deck panel supports 
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7.3 Loading Apparatus 
The deck panels are loaded hydraulically using a pump and piston setup. The hydraulic 
system is capable of exerting 100 kips of force vertically. The limiting factors for 
loading are the hydraulic pump and test load ring, all other test equipment is capable of 
handling 300 kips. The hydraulic piston exerts force downward on the ring which 
validates the load. The load ring is seated on a circular seat and neoprene pad 
respectively. The load apparatus is shown in figure 7.3.1.0 
7.3.1.0, Hydraulic loading setup 
7.3.1 Hydraulic Pump 
The hydraulic pump is a 1.5 horsepower positive displacement pump capable of exerting 
100 kips of force via the hydraulic piston. The pump is controlled manually and cannot 
maintain a constant, controlled load. This inability to maintain a load is known as 
"drifting". Load drifting effects the amount of time available to record dial gauge 






Figure 7.3.1.1 Hydraulic pump 
7.3.2 Hydraulic Piston 
The hydraulic piston is capable of exerting a force of up to 300 kips. The piston loads 
over an approximate 5 inch diameter area. The piston is shown in figure 7.3.2.1. 
Figure 7.3.2.1 Hydraulic piston 
7.3.2 Load Ring 
The load ring is connected directly to the data acquisition system (DAQ) and monitors 
the load being exerted by the pump and piston. The load ring has a capacity of 100 kips 
and is shown in figure 7.3.2.1. 
Figure 7.3.2.1 Load ring 
7.3.3 Circular Seat 
The circular seat is used to center the load on the panels, minimizing eccentricities. The 
circular seat is 6 inches in diameter and is shown in figure 7.3.3.1 
• ft 
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Figure 7.3.3.1, Circular seat 
7.3.4 Neoprene Pad 
A 1 inch thick neoprene pad was placed between the circular seat and the concrete 
surface to dampen inconsistencies along the surface. The neoprene pad is 6 V* inches in 
diameter and is shown in figure 7.3.4.1. 
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Figure 7.3.4.1, Neoprene loading pad 
7.4 Data Acquisition 
Data acquisition is used to verify the load applied to the panels, and the deflections 
developed during loading. Load verification is done using an electronic DAQ connected 
to a computer. Deflection data was acquired manually, using analog dial gauges. 
7.4.1 Applied Load Data Acquisition 
Load data was recorded constantly during testing. The data was measured by the loading 
ring (section 7.3.2) and is sent to the National Instruments SCXI-1001 Data Acquisition 
System. The DAQ is shown in figure 7.4.1.1. 
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Figure 7.4.1.1, National Instruments SCXI-1001 data acquisition system 
7.4.2 Deflection Data Acquisition 
Deflection data was recorded via analog dial gauges at four locations on each panel for a 
total of eight gauges. Each panel has two gauges over the supports and two gauges on 
either side of the loading piston. Table 7.4.2.1 shows gauge location and distance. The 
dial gauges are sensitive to .01 inches and have a maximum throw of 4 inches. 
Deflection readings were taken at specific loads to analyze the panels below, at and 




















Table 7.4.2.1, Gauge locations 
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7.5 Loading Sequence 
The panels were tested in single bending as outlined in section 7.1. The panels were 
cyclically loaded 3 times. Following the third test, the panels will be loaded to ultimate 
(100 kips or major rupture). 
7.5.1 Service Load 
The service load for the panels can be defined by two benchmarks. The unfactored axle 
load of an HS-25 design truck is 40 kips, and this can be used as a non-conservative 
benchmark. A beam spacing of 7 feet combined with a 12 foot travel lane means a panel 
might not have more than half of the 40 kip axle load, rather a 20 kip wheel load. To test 
the panels, a loading schedule was determined based on service requirements. The 

































8.1 Test 1 (Tongue and Groove Joint) 
The first test was performed on the stainless steel formed tongue and groove panels. The 
panels were installed as outlined in Chapter 6 and tested in accordance with the 
procedures outlined in Chapter 7. 
8.1.1 Loading Sequence 
The loading sequence used for test 1 is shown in table 8.1.1.1. Three load test were 
performed (LT 1, 2, 3) followed by an "ultimate" test that reached the limit of the 
hydraulic pump at 88.9 kips. Following the "ultimate" test a cracked test was performed 
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During the ultimate test, at approximately 60 kips a large flexural crack appeared in the 
panel. The crack is shown at the bottom edge of the panel at a load of approximately 68 
kips in figure 8.1.3.1. 
Figure 8.1.3.1, Flexural crack at 60 kips 
At approximately 80 kips, the crack was 5 3A inches in length, and 1/16 inches wide. The 
crack at 80 kips is shown in figures 8.1.3.2 and 8.1.3.3. 
5-3/4" Long 
Crack \ 





Figure 8.1.3.3 Crack width 
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8.2 Test 2 (Special But Joint) 
Following the first successful test of the tongue and groove full depth deck panel system, 
the NHDOT requested a special test for the second set of panels. Rather than testing 
second set of panels with a transverse tongue and groove joint, the panels would be 
turned 180 degrees and tested with a transverse butt joint. 
The construction method followed was identical to the tongue and groove test panel 
procedure, minus cutting of the post tensioning bars and using mechanical couplers. 
Couplers were not used because the panels were not designed to accommodate couplers 
in a butt transverse joint. 
8.2.1 Loading Sequence 
The loading sequence used in test 2 is shown in table 8.2.1.1. Three load test were 
performed (LT 1, 2, 3) followed by an "ultimate" test that reached the limit of the 
hydraulic pump at 86.2 kips. 
Table 8.2.1.1, Test 2 loading sequence 
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8.2.2 Observed Deflections 
The observed deflections for test 2 are given in inches in table 8.2.2.1. The dial gau 





























































































































































Table 8.2.2.1, Test 2 observed deflections 
CHAPTER IX 
CALCULATIONS 
9.1 Support Deflections and Corrections 
During the tongue and groove and butt tests the steel support beams deflected. The 
support deflections were recorded by dial gauges 2, 4, 6 and 8 and the data was used to 
correct the deflections recorded by gauges 1, 3, 5 and 7. Figure 9.1.1.0 shows the 
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Table 9.1.2.1, Support deflections, butt test 
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Table 9.1.2.2, Corrected mid-span deflections, butt test 
9.2 Cracked Moment of Inertia 
In both tests (tongue and groove, butt) prior to loading, calibration and preliminary tests 
were performed to evaluate the test equipment (hydraulic pump and piston, load ring). 
The calibration and preliminary testing loaded the panels past service, induced tension 
and cracked the bottom surface of the panels. To properly calculate comparison 
deflections a cracked moment of inertia (Icr) was calculated. 
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9.2.1 Tongue and Groove 
A baseline Icr value of 420 inches4 was calculated and used to calculate more accurate 
deflection values (Nawy 1989). Table 9.2.1.1 shows the percent error between the 
calculated (baseline) and the observed deflections. Error values of 35 percent or greater 














































































































Table 9.2.1.1, Baseline error values 
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The amount of error values in excess of 35 percent greatly increases during the ultimate 
test after the 37.3 kip load. This is considered a "point of interest" because there is likely 
a change in the depth of crack in the panel causing a further decrease in panels the 
moment of inertia. Based on the point of interest in table 9.2.1.1, two values for the 
cracked moment of inertia were calculated (Icri I^). These values are used to calculate 
the values on either side of the "point of interest". 
More accurate values for Icri &Icr2 were determined through interpolating the percent error 
between the calculated and observed deflections as a result of Icr. The final values used 
for Icrl &Icr2 are shown in table 9.2.1.2. The actual depth of crack1 was calculated based 
on the cracked moment of inertia values. The crack depths based on moment of inertia 
are shown in table 9.2.1.3. 




Table 9.2.1.2, Final calculated moment of inertia values 







Table 9.2.1.3, Crack depth based on moment of inertia 
1
 Calculated using 1/12 bh3 
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9.2.2 Butt Joint 
_A baseline Icr value of 421 inches4 was calculated following the same procedure outlined 
in section 9.2.1. Table 9.2.2.1 shows the percent error between the calculated (baseline) 
and the observed deflections. Error values of 35 percent or greater are highlighted in 
yellow. 
The amount of error values in excess of 35 percent greatly increases during the ultimate 
test after the load of 69.9 kips. This is considered a "point of interest" because there is 
likely a change in the depth of crack in the panel and the moment of inertia. 
Table 9.2.2.1, Baseline error values 
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Based on the point of interest in table 9.2.2.1, two values for the cracked moment of 
inertia were calculated, Ic-i I^. More accurate values for Icri &Icr2 were determined 
through interpolating the percent error between the calculated and observed deflections as 
a result of Icr following the same procedure used for the tongue and groove panels. The 





Table 9.2.2.2, Final calculated moment of inertia values 
The actual depth of crack was calculated based on the cracked moment of inertia values. 
The crack depths based on moment of inertia are shown in table 9.2.2.3. 









Table 9.2.2.3, Crack depth based on moment of inertia 
9.3 Calculated Deflections 
The midspan deflections were calculated using fiber stress analysis. Sample calculations 
are shown in Appendix D. 
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9.3.1 Tongue and Groove 
The corrected, calculated tongue and groove deflections are shown in table 9.3.1.1. The 































































































Table 9.3.1.1, Calculated tongue and groove deflections 
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9.3.2 Butt Joint Deflections 
The corrected, calculated butt joint deflections are shown in table 9.3.2.1. The cracked 


















































































Table 9.3.2.1, Calculated butt joint deflections 
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9.4 Percent Error 
The percent error between the observed and calculated deflections was calculated to 
evaluate the performance of the two transverse joint systems. 
9.4.1 Tongue and Groove Error 
The percent error for the tongue and groove deflections are shown in table 9.4.1.1. All 
values greater than 35 percent are highlighted in yellow. 
Table 9.4.1.1 Tongue and groove deflection percent error 
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9.4.2 Butt Joint Error 
The percent error for the tongue and groove deflections are shown in table 9.4.2.1. All 
values greater than 35 percent are highlighted in yellow. 



















































































Table 9.4.2.1 Butt joint deflection percent error 
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CHAPTER X 
RESULTS & CONCLUSION 
It was necessary to perform feasibility testing before advanced testing (i.e. fatigue, freeze 
thaw cycling) could proceed to evaluate the ability for the sectional bridge deck design 
concept to work in practice. The results and conclusions determined from this testing not 
only proved that the system is feasible, but also proved that it appears to be a highly 
efficient process. 
10.1 Post Tensioning System Evaluation 
The DSITHREADBAR® post tensioning system was evaluated for its overall ability to 
post tension short spans to desired stress levels, and to be easily constructible. The DSI 
THREADBAR® system is comprised of many individual components that are easily 
installed and function properly. 
93 
10.1.1 Post Tensioning Process Compatibility 
The DSITHREADBAR® system had not been used for this specific application prior 
this research. Overall, the system worked well, and achieved the goals necessary for 
sectionally post tensioning full depth bridge deck panels. The use of 5/8 inch bars to 
induce compression in the transverse direction (to traffic) was successful, but not ideal. 
The proprietary jacking system supplied by DSI was easy to use, lightweight and highly 
efficient. 
•10.1.1-1. 1 Inch Diameter THREADBAR® 
The 1 inch diameter THREADBAR® system was effective for sectionally post 
tensioning the test panels. The system was fairly intuitive, and the included components 
(bearing plates, nuts, couplers, conduit, grout ports, etc.) supplied were easily installed. 
Custom fabrication was required for the foam knockouts at the interface of the galvanized 
conduit and the tongue/groove form. DSI does manufacturer a custom, conically shaped 
pocket former but due to the amount and location of the steel in the test panels the 
proprietary pocket formers were not used. 
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10.1.1-2. 5/8 Inch Diameter THREADBAR® 
The 5/8 inch diameter THREADBAR® was successful for inducing compression in the 
test panels, but was difficult to assemble. DSI does not typically provide 5/8 inch 
diameter bars, and as a result does not manufacturer all of the accessories necessary for 
post tensioning. Numerous items including, bearing plates had to be ordered from other 
vendors. The corrugated plastic conduit used to house the bar provided by DSI was too 
tight for grouting. 
10.1.2 Achievement of Compression Force between Adjacent Panels 
The compressive force induced into the panels with the 1 inch diameter post tensioning 
bars was measured in two ways. Elongation calculations were used to determine the 
amount of elongation that should be observed during jacking. The observed value was 
validated during all post tensioning. Compressive force was also measured by strain 
gauges that were implemented by Dr. Erin Bell and Rebekah Briggs for use in their 
research on health monitoring of in-service structures (Bell, et al. 2008) 
10.1.2-1 Cracks and Spalls Resulting from Post Tensioning 
As a result of misalignment and tolerance in the tongue and groove joint, cracks and 
spalls occurred on one side of the transverse joint during post tensioning. Shown in 
figure 10.1.2.1, is a horizontal crack that formed approximately 2/3 from the bottom 
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surface of the groove panel. The crack is a result of excessive stress in the top and 
bottom (butt areas) of the tongue and groove joint. The stress induced was so great, that 
it induced tension in the groove panel, cracking the concrete. Figure 10.1.2.2 shows a 
large spall that formed on the tongue panel, directly to the right of the groove panel crack 
shown in figure 10.1.2.1. The spall formed during post tensioning, indicating a lack of 
sufficient tolerances to compensate for misalignment during post tensioning, creating a 
location of extreme stress. 
Figure 10.1.2.3 shows the crack and the spall; both failures are a result of extreme stress 
along the joint. A conclusion can be made that tolerances at that location of the 
transverse joint were not attainable during form fabrication, casting, or both, resulting in 
stress concentrations great enough to induce crack and spall failures on either side of the 
same location of tongue and groove, transverse joint. There was no visible camber 
induced into the panels while stressing the 5/8 inch bar. 
Figure 10.1.2.1, Crack 
Figure 10.1.2.2, Spall 
Figure 10.1.2.3, Crack and spall 
10.2 New Construction Material Performance Evaluation 
It was necessary to evaluate the constructability and performance of the new grout dam 
and epoxy materials. Both of these materials were untested for this application prior to 
this research. 
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10.2.1 Grout Dam 
The adhesive backed, closed cellular foam used to create the grout dam performed very 
well for this application. The grout dam was frequently twisted and bent during the 
placement of the test panels. The grout dam did not break its bond with the steel support 
beams at any point during the panel placement, slab assembly or haunch placement. 
Figure 10.2.1.1 shows the grout dam compressed by the groove panel. 
Figure 10.2.1.1 Grout dam 
During the casting of the haunch, a small amount of grout leaked from the bottom of the 
panel/top of the grout dam interface. The leakage was minimal and did not affect the 
haunch casting. The leak was a result of the grout dam being bent when the panel's full 
weight was bearing down on it. The slight bend creates a small window for grout to leak. 
Following testing, the test panels were separated from the steel beams by lifting with an 
overhead crane to break the haunch/beam bond. As the bond broke, the grout dam came 
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out as one piece, still attached to the haunch. The grout dam can be seen bonded to the 
haunch in figure 10.2.1.1. 
Figure 10.2.1.1 Grout dam 
10.2.2 Thyxotropic Epoxy 
Thyxotropic epoxy was used to seal the transverse joint along the test panels. In both 
tests, the epoxy was applied successfully and performed well. The manufacturer created 
a special mix for this application, with a high compressive strength, low modulus and a 
six (6) hour pot life. 
10.2.2-1 Mixing 
The epoxy requires mechanical mixing for a minimum of 5 minutes at a rate of 
approximately 2000 rpm. If the product is not sufficiently mixed the final mechanical 
properties of the product can be greatly affected. To increase or decrease pot life, mixing 
time can be increased or reduced respectively. 
10.2.2-2 Test 1 (Tongue and Groove) 
Placement of the epoxy along the tongue and groove panel edges was mostly successful. 
At the beginning of the epoxy placement, trowels and hand tools were used. This 
practice was quickly abandoned and epoxy was placed with a gloved hand, as seen in 
figure 10.2.2.1. Placing the epoxy by hand proved to be quicker, easier, and more 
successful than using hand tools. Both sides of the transverse joint were coated with 
approximately lA inch of epoxy prior to post tensioning. 
1 
Wmm 
Figure 10.2.2.1, Epoxy Placement on the tongue and groove 
Following post tensioning of the tongue and groove panels, a small gap in the epoxy was 
noticeable at one end. This gap was probed and it was concluded that the epoxy gap was 
approximately 3 inches in length into the transverse joint. The gap in the epoxy is shown 
in figure 10.2.2.2 and 10.2.2.3. 
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Figure 10.2.2.2, Tongue and groove epoxy gap 
. . . / " ' 





Figure 10.2.2.3, Tongue and groove epoxy gap 
10.2.2-3 Test 2 (Butt Endl 
Placement on the butt end panels was a complete success. Following mixing, the epoxy 
sat for 1 hour, during this time the epoxy began to react, heat up, and become tackier and 
more workable. The epoxy was exclusively placed by hand for test 2; the results are 
shown in figure 10.2.2.4 and 10.2.2.5 
Figure 10.2.2.4, Butt end epoxied joint 
Figure 10.2.2.5, Butt end epoxied joint 
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10.3 Tongue and Groove Joint versus Butt Joint 
Comparing the tongue and groove joint and the butt joint constractability and 
performance reveal pros and cons of each system. In short, the tongue and groove is 
much harder to construct but performs better than the butt joint because of the shear 
transfer mechanism in the transverse joint. 
10.3.1 Constructability 
The tongue and groove joint was very difficult to fabricate, form and construct. The tight 
tolerances required for success coupled with the use of post tensioning led to spalls and 
cracks in the tongue and groove joint. The design tolerances for the tongue and groove 
transverse joint (±1/16 inch) were too tight for concrete construction. 
The butt joint was not specifically designed, but in fact was a byproduct of the 2 panel 
test setup. In terms of installation the butt transverse joint panels are much easier to 
apply epoxy to, connect, and post tension. The end result of fully sealing the transverse 
joint with epoxy was more successful with the butt joint than the tongue and groove joint. 
10.3.2 Performance 
Since the loading values used are not identical for tests 1 and 2, the best way to compare 
the performance of both is to view the deflection profile graphs. The deflection profile 
graph shows the differential deflection between the panels on either side of the transverse 
joint. Figure 10.3.2.1 is a deflection profile graph for the tongue and groove panels at a 
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load of 37.5 kips. The load was applied to the tongue panel. Figure 10.3.2.2 is a 
deflection profile graph for butt joint panels at a load of 37.5 kips. The load was applied 
to the panel 2. 
T<i Deflections (LT3-37.5k) 
24 44 64 




Figure 10.3.2.1, Tongue and groove delfection profile (Load Test -3, 37.5 kips) 
Butt Deflections (LT3-49.5k) 
Panel 1 
Panel 2 
24 44 64 
Gauge Location (in) 
84 
Figure 10.3.2.2, Butt deflection profile (Load Test 3, 49.5 kips) 
Comparing figures 10.3.2 and 3 it is apparent that the tongue and groove panel's 
differential deflection was much less than that of the butt joint panels. This trend is 
apparent in all of the deflection profile graphs (Appendix D). This is a result of the 
concrete on concrete shear transfer mechanism in the tongue and groove transverse joint 
and the low modulus of the epoxy in the butt joint. 
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Total Area 816 in2 
#Bars 
Force/Bar for 400 psi 
4 
81600 
REDUCE TOTAL AREA 







Total Area 576 in2 
#Bars 
Force/Bar for 400 psi 57600 lb 
















Total Area 332 in2 
# Bars 6 
Force/Bar for 400 psi 22100 lb 
Use 26 kips/bar to account for losses 
Total Force 156000 lb 
Losses 6240 lb 
Net Force 149760 lb 
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Detail 1: Tongue Stirrup 
Scale - 1:2 
Note: 
All stirrups are 
#3 bars. 
Detail 2; Groove Stirrup 
Scale =1:2 
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D-l. Grout Dam Spec Sheet 
Style 4211 
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C-l. Post Tensioning Jack Calibration Sheets 
^ 
DYWIDAG SYSTEMS INTERNATIONAL, INC. 
JACK CALIBRATION FORM 
DSi 
JACK TYPE: 60Mp S E R E S 04 
J A C K © : A67 
THEO. RAM AREA: 20,50 





MASTER GAUGE: 353GAUGE 
SERVICE GAUGE(S): GAUGE 1 : 6-10432 
K f tSTER GAUGE CALIBRATION STANDARD: ANSI 45.2 
SERVICE GAUGE CALIBRATION STANDARD: ANSI 40.1 
GAUGE 2: GAUGES; GAUGE 4 : 
LOADCELL: 
TYPE: SLOPE INDICATOR I.D. NO. 
METER NUMBER: 7033 
METER MFG: SLOPE: INDICATOR 
CALIBRATION STANDARD: AST&J E4 AND £74 
10079 
CONVERSION EQUATION: AVG X 1 0 
Temperature : 58 Humid i ty : 60% 
Cal ibrat ion Loca t ion : DtfWIDAG SYSTEMS ih 1ERNATIONAL. INC 
Cal ibrated Bv : Greg Wi lk inson/ j Cal ibrat ion F i rm: DYWIDAG SYSTEMS INT FPNATIONAL. INC 
Ver i f ied By Dave Prasok 
MASTER 
Ver i f icat ion Firm- DYWIDAG SYSTEMS INTERNATIONAL INC 
_ J o b Number : J047986 
G A U G E 2 G A U G E S GAUGE 4 
Cus tomer : University of New Hampshire 






































































For M o n o s t r a n d Us© Only 
T rue Gauge PSi : N/A N/A » 8 0 % o f U . T . S Use Gauge PSI : N/A 
3S»0 4000 5000 
Gauge RMding * PSI 
7800 
Mepan Created By: Busxett Gaiasitutti eport Number: 1.1-3-HDTS-R3 Revised Date: 4-8-00 
Figure C-l.l, Large jack head calibration sheet 
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TRACES: £Q 157583 
CALIBRATED BY: Greg, Wilkinson 
CUSTOMER: Unwarsity of New Hampshire 
JOB NUMBER: J047088 
MASTER INSTRUMENT ID No.: 81550 
DESCRIPTION . toed Measunng 
ALTHOUGH RAM/GAUOE COMBINATIONS ARE CALIBRATED A3 A UNIT, GAUGES ARE 
CALIBRATED INDEPENDENTLY, AND ARE USABLE ON OTHER DYWIDAG SYSTEM WmS, 
WHEN THIS DOES NOT CONFLICT WfTH PROJECT SPECIFICATIONS. 
INSTRUCTIONS: 
1. Each gauge must be calibrated to a master instrument that has be»n calibrated 
and traceable to NIST Standards. 
2. Each gauge must be calibratiecJ to meet or assessed ASMS STD. 40.1. 
3. Each gauge will be calibrated before being used in a jack calibration. 
4. Each gaug» will be calibrated before being sent to the customer as a replacement gauges, 
8. Connect the oaufie to the tasting machine. 
6. Pressurize the gauge In 10 increments throughout i f s entire range, 3 time*. 
?. Record the gauge and test standard readings. 
8. If gauge is in need of adjustment, consult the manufacturers product manual 
contained in the OS! equipment calibration and standards book. 
S.Form is to be used by Equipment Dept staff in the calibration of hydraulic gauges that 
will be wad by the customer. 
10. Form is to be completely filled out. 
11. Form is to be Wiled in the gauge calibration file according to it's I.D. No, and with any 
associated equipment file. One Copy to customer. 
tinpms Creme.tl By: Mttuell Galesinski Rep»rt Nuniher: 1J-3-EDTS-R4 Revtasd » r t c : 4-8-CHf 
Figure C-1.2, Large jack head calibration sheet 
DYWIDAG SYSTEMS INTERNATiONAL, INC. 




JACK TYPE: 25Mp SERIES 01 
JACK ID: 1239 
THEO. RAM AREA: 7.79 
COMPUTED RAM AREA: 7-78 
DATE: 3/22/2006 
PRESSURE GAUGES: 
MASTER GAUGE: 475 
SERVICE GAUGE(S): GAUGE 1: 6-20287 
MASTER GAUGE CALIBRATION STANDARD: ANSI 4S.2 
SERVICE GAUGE CALIBRATION STANDARD: ANSI 40.1 
GAUGE 2: GAUGE3: GAUGE 4: 
LOAPCELL: 
TYPE: SLOPE INDICATOR I.D. NO. 10080 
METER: NUMBER: 7033 
METER MFG: SLOPE INDICATOR 
CALIBRATION STANDARD: ASTO E4 AND E74 
CONVERSION EQUATION: AVG. X 0 
Temperature: 70 Humidity: 55% 
Calibration Location: DYWIDAG SYSTEMS INTERNATIONAL, INC. 
Calibrated By: Don Btottiaux n Calibration Firm: DYWIDAG SYSTEMS INTERNATIONAL, INC. 
Verified By Dave Prasek j f Verification Firm: DYWIDAG SYSTEMS INTERNATIONAL, INC. 
Customer: University of New Hampshire Job Number: J047986 
MASTER GAUGE 1 GAUGE 2 GAUGE 3 GAUGE 4 RUN 1 RUN 3 AVG ACT KIPS 
1000 1000 7.62 7.68 7.65 7.650 7.650 
2000 2000 15.41 15.39 15.44 15.413 15.413 
3000 3000 23.36 23. .35 23.22 23.310 23.310 
3500 3500 27.21 27. 18 27.07 27.153 27.153 
4000 4000 31.14 31 .04 31.08 31.087 31.087 
4500 4500 35.03 35, .05 34.94 35.007 35.007 
5000 5000 39.01 38 .94 38.96 38.970 38.970 
5500 5500 42.77 42. .83 42.71 42,770 42.770 
8000 46.63 46. 74 48.68 46.683 48.683 
6500 6500 50.61 50. 64 50.55 .50.600 50.600 
For Monostrartd Use Only 
True Gauge PSt: N/A N/A > 80% of U.T.S Use Gauge PSI: N/A 
Meport Created By: fcusseU Galasmski Report Number: 11-3-ED.TS-R3 Revised Date; 4-8-00 
Figure C-1.3, Small jack head calibration sheet 







































































CALIBRATED BY: Donald, Blottiaux 
CUSTOMER; University of New Hampshier 
JOB-NUMBER: J047986 
MASTER INSTRUMENT ID No.: 91550 
DESCRIPTION : Load Measuring 
ALTHOUGH RAM/GAUGE COMBINATIONS ARE CALIBRATED AS A UNIT, GAUGES ARE 
CALIBRATED INDEPENDENTLY, AND ARE USABLE ON OTHER DYWIDAG SYSTEM RAMS, 
WHEN THIS DOES NOT CONFLICT WITH PROJECT SPECIFICATIONS. 
INSTRUCTIONS: 
1. Each gauge must be calibrated to a master instrument that has been calibrated 
and traceable to NIST Standards. 
2. Each gauge must be eaMbratied to meet or exceed ASMS STD. 40,1. 
X Each gauge will be calibrated before being used in a jack calibration. 
4. Each gauge will be calibrated before being sent to the customer as a replacement gauge. 
5. Connect the gauge to the testing machine. 
6. Pressurise the gauge in 10 Increments throughout it's entire range, 3 times. 
7. Record the gauge and test standard readings. 
8. If gauge is in need of adjustment, consult the manufacturers product manual 
contained In the DSI equipment calibration and standards book, 
S.Form is to be used by Equipment Dept. staff in the calibration of hydraulic gauges that 
will be used by the customer. 
10. f o r m is to be completely filled out. 
11. Form is to be filled In the gauge calibration file according to it's I.D. No. and with any 
associated equipment file. One Copy to customer. 
Kepoit Created By: Russell Galasimki Report Number: 11-3-EDTS-R4 Revised Date: 4-8-00 
Figure C-1.4, Small jack head calibration sheet 
C-2. Manufacturer Details 
C-2.1, Anchorage detail 
C-2.2, Coupler detail 




_, ^ Bulkhead 
,,.Grout Tub® 
j Pockat Former ^Bfa, 
1 'w/gastet (rausattej'*t 
1 Plastic Nut 
1 (reusable) 
1 | '-SSactw "' Qrout Sleave 
- Bearing Plate 
Stressing End 
C-2.3, Proprietary pocket former 
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C-3. Manufacturer Product Information Sheets 
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D-l, Sample Calculations 
Shown in figure D-l. 1, are the inputs used for calculations, the value of Icr changed based 




Thickness full depth 
Thickness Cracked Section 
Width (full depth section) 
I (both slabs) 
I (transformed section) +6AdA2 
wtr 
wtm, (2 slab width) 
Support reaction DL (Ra, Rb) 


















































1 Clear Span Length 
inputs 
\ 
Figure D-l.2 shows the locations of each gauge from the support, dead load moment 
(MDL) and stress (for.)- The force and stress induced into the test panels by the 5/8" post 
tensioning bar (fpt) are shown in the last row of figure D-1.2. 
Gauge 
Gauge Location from end (inch) 
Gauge Location from support (x) 
Dead Load 
MDL within clear span (lb-in) 
+ xRa -wy2/2 
f™. (dead load stress t/c) (psi) 
Post Tensioning (long) 
























Figure D-l.2, Sample calculation 2 
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Figure D-1.3 shows the calculation of the moment (MLL) and stress (fix) resulting from the live 
load shown in the rightmost column. Below the fLL values are the total stress in the bottom fiber 
(fpt-foL-fix)- In yellow are the deflections resulting from the applied live load. 
Live Load 
Load 1 
MLL within clear span (lb-in) 
+ x Ra or (x- ) Rb 
fLL (live load stress t/c) (psi) 
Total 
D QPbx/6EIL (LA2 - bA2-xA2) 
Load 2 
MLL within clear span (lb-in) 
+ xRa or(x- ) Rb 
fLL (live load stress t/c) (psi) 
Total 
Q DPbx/6EI (LA2 - bA2-xA2) 
Load 3 
MLL within clear span (lb-in) 
+ xRa or(x- ) Rb 
fLL (live load stress t/c) (psi) 
Total 
D DPx/6EI (3La - 3aA2-xA2) 
Load 4 
MLL within clear span (lb-in) 
+ xRa or(x- ) Rb 
I I I (live load stress t/c) (psi) 
Total 
Q DPx/6EI (3La - 3aA2-xA2) 
Gauge 
1 3 5 7 Load 
14.1 
226,188 226,188 226,188 226,188 
275 275 275 275 
-246 -246 -246 -246 
().l«65 0.1065 0.1065 0.1065 
399,438 399,438 399,438 399,438 24.9 
486 486 486 486 
-35 -35 -35 -35 
0.1881 0.1881 0.I8SI 0.1881 
37.7 
604,771 604,771 604,771 604,771 
736 736 736 736 
215 215 215 215 
0.28-17 0.2847 0.2847 0.28-17 
50.8 
814,917 814,917 814,917 814,917 
992 992 992 992 
470 470 470 470 
0.3837 0.3837 0.3837 0.3837 
Figure D-1.3, Sample calculations 3 
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D-2. Deflection Profile Graphs (Tongue and Groove) 
TG Deflections (LTl-12k) 
24 44 64 




TG Deflections (LTi-26.4k) 
24 44 64 






TG Deflections (LTl-34k) 
•Groove 
—#-»Tongue 
24 44 64 
Gauge Location (in) 
§ 
Q 
TG Deflections (LT2-12.7k) 
•Groove 
•Tongue 
Gauge Location (in) 
TG Deflections (LT2-27k) 
Groove 
Tongue 
24 44 64 




TG Deflections (LT2-36.8k) 
—•— Groove 
—•—Tongue 
Gauge Location (in) 
TG Deflections (LT3-12.8k) 
—•—Groove 
—•—Tongue 
24 44 64 
Gauge Location (in) 
84 
TG Deflections (LT3-25.4k) 
—•— Groove 
—•—Tongue 
24 44 64 




TG Deflections (LT3-37.5k) 
Groove 
Tongue 
24 44 64 




TG Deflections (ULT-12.9k) 
•Groove 
•—#*** Tongue 
24 44 64 84 
Gauge Location (in) 
TG Deflections (ULT-26k) 
24 44 64 




TG Deflections (ULT-48.9k) 
24 44 64 










TG Deflections (ULT-373k) 
Groove 
Tongue 
24 44 64 





TG Deflections (ULT-69.9k) 
Groove 
Tongue 
24 44 64 
Gauge Location {in) 
84 
o 
TG Deflections (ULT-61.1k) 
Groove 
Tongue 
24 44 64 84 




TG Deflections (ULT-80.3k) 
Groove 
Tongue 
24 44 64 84 






TG Deflections (ULT-88.9k) 
24 44 64 





D-3. Deflection Profile Graphs (Butt Joint) 
Butt Deflections (LT1- 14.1k) 
Panel 1 
Panel 2 
24 44 64 
Gauge Location (in) 
84 
Butt Deflections (LTl-24.9k) 
24 44 64 




Butt Deflections (LTl-37.3k) 
24 44 64 




Butt Deflections (LTl-50.8k) 
24 44 64 





Butt Deflections (LT2-13.2k) 
•Panel 1 
•Panel 2 
24 44 64 S4 




Butt Deflections (LT2-23.4k) 
Panel 1 
Panel 2 
24 44 64 





Butt Deflections (LT2-40.5k) 
Panel 1 
Panel 2 
24 44 64 84 
Gauge Location (in) 








24 44 64 
Gauge Location (in) 
84 
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Butt Deflections (LT3-13.5k) 
Panel 1 
Panel 2 
24 44 64 
Gauge Location (in) 
84 
Butt Deflections (LT3-23.3k) 
Panel 1 
Panel 2 
24 44 64 
Gauge Location (in) 
84 
Butt Deflections (LT3-35.1k) 
~ -0.03 
I 






Gauge Location (in) 
Butt Deflections (LT3-49.5k) 
Panel 1 
Panel 2 
24 44 64 





Butt Deflections (ULT-24.8k) 
•Panel 1 
•Pane! 2 
24 44 64 




Butt Deflections (ULT-48.9k) 
•Panel 1 
•Panel! 
24 44 64 84 
Gauge Location (in) 
o 
(U 
Butt Deflections (ULT-60.5k) 
•Panel 1 
•Panel! 
24 44 64 84 




Butt Deflections (ULT-69.9k) 
Panel 1 
Panel 2 
24 44 64 84 




Butt Deflections (ULT-79.2k) 
Panel 1 
Panel 2 
24 44 64 84 
Gauge Location (in) 





24 44 64 84 
Gauge Location (in) 
